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SYNOPSIS
We describe a method capable of quantitatively measuring the visual acuity of small, eccentrically-located areas of the visual field, even within the macular area. Fixation errors are minimized by presenting stimuli briefly and in random order. The method is more sensitive than Bjerrum screen campimetry in detecting hemianopic and quadrantic losses.
Visual acuity-that is, the ability to see fine detail-is a term that covers several different types of visual performance each of which is measured by a different type of test. For this reason, visual acuity tests have been divided into five classes. These are tests for detection, recognition, resolution, modulation transfer function, and location (Kling and Riggs, 1972) .
In both conventional perimetry and Bjerrum screen campimetry the patient's task-namely, to detect a bright disc-can be regarded as a special form of intensity discrimination. Resolution can be tested by asking a subject to distinguish a patterned from an unpatterned area of similar mean brightness. Recognition tests such as, for example, Jaeger and Snellen tests involve both resolution and intensity discrimination (Kling and Riggs, 1972) .
For clinical purposes it is of the first importance to know how visual acuity varies over the visual field. Conventional perimetry or campimetry describes this variation over the visual field, but is limited to a detection task and does not measure resolution: Jaeger and Snellen tests provide some indication of resolution, but do not describe how resolution varies over the visual field. In this article we suggest that these are serious limitations, on the basis of our evidence that resolution measures are in some cases more sensitive indicators of functional loss than Bjerrum screen campimetry. We describe here a method for measuring the visual acuity of small eccentrically-located areas within the visual field, even when the test area is close to the fixation point (Regan, 1972a Visual sensitivity to a briefly-presented pattern is roughly proportional to the presentation time, so long as this does not exceed a critical duration (Graham and Cook, 1937; Keesey, 1960) . Consequently, estimates of visual acuity will depend on the presentation time of a patterned test target if the presentation time is not sufficiently greater than the critical duration.
APPARATUS Test patterns were back-projected onto screen S by means of an automatic projector P (Fig.  1A) . The brightness of the white checks was 2.3 log ft lamberts. The subject sat comfortably in a dentist's chair with the head supported so that the eyes were in the optic axis OA (Fig. IA) Test patterns were available in 14 different check sizes (1.6, 1.9, 2.1, 2. 6, 3.1, 3.7, 4.6, 5.4, 6.6, 8.6, 12, 15, 20, 30 minutes for a 40 diameter stimulus field).
There were four transparencies for each check size, one for each test quadrant. Transparencies were loaded into the projector's magazine in an order that was pseudo-randomized both for different quadrants and for different check sizes. The projector was operated by two foot switches. The first switch briefly projected the slide, and the second switch changed the slide.
Subjects were told that they would sometimes, but not always, see a checkerboard pattern in part of the screen. They were told to look steadily at the fixation light (F in Fig. 1 ) and to say after each projection both whether they saw checks and which quadrant was checked.
RESULTS
In preliminary experiments the effectiveness of a brief (185 ms) presentation time in reducing the effect of eye movements was tested by deliberately moving the eye immediately the test pattern was presented. Eye movement during the stimulus presentation would cause the afterimage of the test pattern to be blurred and displaced from the fovea. We found that, unless the eye movement anticipated the presentation, the after-image was not appreciably displaced from the fovea for the presentation time of 185 ms used in the present experiments.
The following examples illustrate some features of this method by comparing acuity measures with Bjerrum screen campimetry.
CONTROL EXPERIMENTS Control data were obtained from the unaffected eyes of 17 patients with pre-chiasmal lesions and from five control subjects. Ages ranged between 20 and 35 years. or at the worst 2.6 minutes in every quadrant. For any given eye the acuity of different quadrants did not differ by more than 30%. In eight control eyes examined with the annular stimulus, acuity was better than 4.9 minutes in every quadrant.
CASE 1 RETINAL ARTERY OCCLUSION FROM A CHOLESTEROL
EMBOLUS A 60 year old male patient presented with sudden onset of visual failure in the right upper field of vision. This progressed over two days to involve the whole of the right field. The patient had suffered a myocardial infarction 10 years previously with subsequent angina of effort. General examination was normal except for the signs of aortic stenosis. Examination of the central nervous system showed A for the right eye the large upper/lower asymmetry evident on campimetry was also marked within the macular area. Even so, the resolution of the two lower macular quadrants was within normal limits. The left eye showed some upper/lower asymmetry in the same sense as the right eye's though much less marked. This asymmetry was not evident in the campimetric plot. By comparing acuities within the macula and the 4°-10°annulus it is possible to detect a depression of macular activity with respect to the adjacent periphery or vice versa. This point is illustrated when Figs 4B and 4C are compared for the left eye, showing a depression of macular acuity relative to the adjacent peripheral field. The acuity measurements also show relatively greater loss in the lower halffield especially in the lower left quadrant, in accord with campimetry (Fig. 4A) Figure 5 shows isopters recorded during the acute phase of the attack. The large central field loss in the right eye extended well into the temporal half-field. Figure 6A shows isopters recorded some two months after those of Fig. 5 . The right eye's 3/2 000 isopter was slightly constricted, but showed no evidence of greater loss in the temporal half field. In contrast, the acuity measurements of Fig. 6B A skull radiograph showed an enlarged pituitary fossa. Carotid angiography showed elevation of the left anterior cerebral artery. Lumbar pneumoencephalography confirmed a suprasellar extension of a pituitary tumour.
Endocrine investigations confirmed mild hypopituitarism.
At operation (Mr J. W. McIntosh) through a right frontal trephine the optic chiasm and both optic nerves were elevated by a tumour arising from the pituitary gland. The tumour was removed. Histology confirmed a chromophobe adenoma. Treatment was completed with Cobalt 60 teletherapy to the pituitary. He was discharged on maintenance therapy of cortisone and thyroxine.
The resolution measurements of Fig. 7B show a marked temporal half-field loss in the left eye. Though resolution was comparatively unaffected in the central 40 of the right eye, the major loss again fell in the temporal half-field.
CASE 6 LEFT HOMONYMOUS HEMIANOPIA AFTER HEAD INJURY
A 44 year old male patient was admitted with a history of having been struck on the head with a piece of metal two days previously. He did not lose consciousness.
He complained of vertigo and that he was unable to see objects in the left half of his vision.
On The isopters at 3/2 000 were a eye. Although the visual fields ii congruent (Fig. 8A) (Regan, 1972a mech- anisms are responsible for the visual resolution symmetrical in each of fine detail and visual sensitivity to the n the two eyes were illumination level of a localized region within the ar acuities were not visual field (for example, see Spekreijse, 1966;  had normal acuities Green, 1968; Cornsweet, 1970; Land and extrafoveal annulus, McCann, 1971; Regan, 1972b Regan, , 1973 Spekreijse eal acuity (Figs 8B et al., 1973) . In both monkey and man, the result of visual injury may be to degrade visual sensitivity to fine detail separately from visual sensitivity to either illumination level or total ires of the method light flux; furthermore, these two visual funch may offer addi-tions may recover with different time courses :ages over Bjerrum (Humphrey and Weiskrantz, 1967; Teuber et al., features are: (1) 1960; Brindley et al., 1969) . All this suggests I pathology; (2) that, on the one hand, degraded visual resolution adrantic or hemi-and, on the other hand, impaired ability to -ula; (3) measure-detect an illuminated disc might reflect different tween the macula types of damage to the visual system. objective quantita-) the test can be tes) and is straight-1 and case 6 for investigation. The instrument used in the experiments reported here is a prototype acuity campi- 
